Nursing students have reported bioscience to be challenging and difficult to understand. This might have a negative impact upon their ability to understand patients' clinical conditions and nursing practice. We sought information about students' experiences with bioscience. A total of 126 final year nursing students completed a questionnaire. The findings showed that the majority of participants considered bioscience subjects to require more work compared to nursing subjects (65.9%), and that they would like a better understanding of bioscience (73.8%), but understood that bioscience forms the foundation of nursing practice (76.2%). Younger participants without secondary school science rated bioscience harder than nursing subjects and spent more time studying bioscience compared to older participants. Participants without any secondary school science lacked an ability to apply bioscience concepts to patient conditions. These results showed that nursing students, especially those without secondary school science, would benefit from improved bioscience integration with nursing practice. Nursing and bioscience educators should consider greater alignment of bioscience with nursing practice subjects, especially earlier in the curriculum.
INTRODUCTION
Bioscience is an essential component of nurse education and usually consists of several subjects within a preregistration nursing program. The term "bioscience" is a generic term that applies to subjects dealing with the biologic basis of living organisms, but can refer to anatomy, genetics, microbiology, physiology, pharmacology, and pathophysiology. The integration of bioscience education within nursing education has been challenging (Gresty & Cotton 2003) . Nursing students perceive bioscience subjects to be difficult (Morgan, 2006; Craft et al., 2013) , cause heightened anxiety (Jordan et al., 1999) , are not well integrated with clinical practice subjects (Davies et al., 2000) , and encourage students to adopt surface approaches to learning (Lindblom-Ylanne et al., 2006) . Compounding these issues, nursing students do not anticipate having to study bioscience subjects (Craft et al., 2013) , the bioscience component contributes to significant attrition (Uyehara et al., 2007 , Andrew et al., 2008 , and bioscience academics require increased curriculum time in order to improve patient safety and care (Taylor et al., 2015) . Moreover, registered nurses have observed that bioscience was not well understood in clinical practice, and that there should be greater integration between bioscience and nursing subjects during undergraduate studies (Davis, 2010; Smales, 2010) .
Collectively, these findings imply a disconnect between bioscience teaching and nursing practice, which could impact on nursing students' abilities to integrate fundamental bioscience concepts to clinical practice.
Literature review
Typically, at the commencement of nursing degrees, there is an emphasis on psychomotor skills' development that is considered fundamental to the clinical requirements of nursing practice (Morgan, 2006) . Nursing students value the time investment in skill development prior to clinical practice (Goldsmith et al., 2006) . Internationally, clinical experiential learning is a major focus of nursing curricula, and accreditation bodies require students to participate in a range of clinical experiences during their preregistration degree (Nursing and Midwifery Council [UK] 2010; Australian Nursing and Midwifery Accreditation Council 2012) . This equips nursing students with the necessary acumen to provide efficacious clinical practice and patient safety. However, while it could be presumed that a strong alignment between bioscience and nursing practice exists, questions remain about what bioscience content should be taught (Birks et al. 2015) . Bioscience is often taught by biomedical scientists who might not have experience in clinical nursing practice (Larcombe & Dick, 2003) . These lecturers might not have a thorough understanding of appropriate nursing practice and patients' clinical conditions, limiting their ability to incorporate this aspect into bioscience teaching. Nursing lecturers have reported a lack of bioscience knowledge, suggesting that students are not likely to understand fundamental bioscience knowledge about disease and disorders when undertaking clinically-orientated nursing subjects (Friedel & Treagust, 2005; Bradley et al., 2006; McVicar et al., 2010) . Nursing students have also reported insufficient linkage of bioscience knowledge in clinical nursing subjects when delivered by nursing lecturers (Davies et al., 2000; Latter et al., 2001; Manias & Bullock, 2002) , with students not being able to see the relevance of bioscience until after consolidated clinical practice (Mowforth et al., 2005) . Therefore, the integration and alignment of bioscience to nursing practice development and a better understanding of what impediments might be limiting students' acquisition of bioscience conceptual required in nursing practice need to be explored.
It has been proposed that bioscience teaching needs to have a greater functional linkage with clinical practice (Choi-Kwon et al.; 2002; Logan & Angel; . This was a major issue in the UK in the 1990s, with an imbalance between biologic sciences and humanities-based subjects in nursing curriculum (Clark, 1995) . This imbalance might be addressed by fostering multidisciplinarity and contextualizing with nursing practice (Friedel & Treagust, 2005; Logan & Angel, 2011) . Combining a nursing lecturer and bioscientist in team teaching has been shown recently to have positive effects on student learning (Christensen et al., 2015) , suggesting that reported difficulties with bioscience could be content related. This has emerged in the literature, with bioscience teaching often criticized for being overly content heavy, which could preclude integration with clinical practice.
While these have been proposed as limiters of bioscienceclinical practice integration, the timing of bioscience delivery might also impact on students' ability to incorporate bioscience knowledge into nursing practice. Previously, bioscience-nursing-related research has been conducted in commencing (Craft et al., 2013) , continuing students (Davies et al., 2000; Friedel & Treagust, 2005) , and registered nurses (Davis, 2010) . To our knowledge, no studies have examined final year nursing students' experiences with bioscience and the relationship to nursing practice.
Internationally, most nursing curricula consolidate nursing practice in the latter half of the degree. Bioscience subjects are typically delivered within the early years of the degree. This might contribute to the reported deficits in bioscience integration with nursing practice.
Study aim
The aim of this study was to examine final year nursing students' experiences with bioscience, with a focus on the relationship to nursing practice.
METHODS

Design
A cross-sectional exploratory survey was used to explore final year Bachelor of Nursing students' experiences with bioscience subjects during their degree.
Participants
A non-probability convenience sample of final year preregistration nursing students at a large metropolitan Australian university, who had completed all bioscience units, participated in the study. This cohort was chosen, as the largest portion of clinical practicum occurred in their final year. We distributed questionnaires to all students who attended the first clinical nursing subject of the semester, and received 184 questionnaires in total, but excluded 58 due to incomplete responses and identifiable non-nursing students, thus the final complete sample was 126 participants. The exact number of students in the final year was unknown; however, we believe that the majority attended the first lecture of the semester, and our sample was representative of final year students. The cohort included students given advanced standing to enter directly into the last 2 years of the nursing program. Bachelor of Nursing students had completed their bioscience content in the previous 2 years, and advanced students in the previous year only. All bioscience subjects were taught previously by bioscientist lecturers.
Ethical considerations
Two of the bioscientist researchers (MP, JC) were involved in previous bioscience teaching to this student cohort; however, it was emphasized to all participants that the questionnaire responses should relate to their entire bioscience experience, and not be about individual teachers per se.
All participants consented to the study, and ethical approval was granted by the Human Research Ethics Committee of the university (approval no. 1000001328). Research team members were not present during the completion of the questionnaires to preserve anonymity, and all participants were de-identified.
Data collection
A quantitative questionnaire design was implemented. The questionnaire items were scored by the participants using a five-point Likert scale, from strongly disagree (1) to strongly agree (5). The questions related to students' learning toward becoming a nurse were grouped into four theoretical constructs: (i) students' learning of bioscience content; (ii) students' difficulty with bioscience; (iii) the relationship of bioscience to nursing practice; and (iv) students' approaches to learning bioscience. All paper-based questionnaires were distributed, collected, and transcribed to a computer program by research assistants who were not involved in teaching. Students across two campuses of an Australian university were surveyed, with the majority located at the metropolitan campus (68.3%). Participant characteristics are listed in Table 1 .
Data analysis
The paper-based questionnaires were transcribed into Microsoft Excel (Microsoft, Redmond, WA, USA) and analyzed with SPSS version 22.0 for Windows (SPSS, Chicago, IL, USA). Any questionnaires with missing data were removed from the analysis (Hittleman & Simon, 2006) . Means, standard deviations, and frequency distributions were reported for individual items. Internal consistency was determined using Cronbach alpha scores, with scores greater than 0.7 deemed acceptable (Streiner & Norman, 2003) . The questionnaire has been validated previously using an exploratory factor analysis (unpublished data, Gordon, 2015) . Data were tested for normality using the magnitude of skew and kurtosis, visual inspection of graphical tests (Q-Q plots), and Shapiro-Wilk tests. Data were found to be non-normally distributed, and we used non-parametric tests to analyze differences. Kruskal-Wallis H-test was used to test the independent variables: (i) age groups (20-30 years, >30 years); (ii) secondary school science subject groups (biology, biology with another/other science subject/s, any science subject other than biology, no science); (iii) prior tertiary education groups (technical and further education, university study not in health or science, university study health or science related, no tertiary education); and (iv) prior clinically-relevant employment (assistants in nursing, enrolled nurse, no clinical employment), against the four subscales (students' learning of bioscience content, students' difficulty with bioscience, the relationship of bioscience to nursing practice, and students' approaches to learning bioscience). As this study was exploratory, the probability of type I errors arising due to multiple comparisons was not considered a major concern. The techniques used to minimize such errors can be excessively conservative and might exclude potentially noteworthy results. Accordingly, we used Mann-Whitney pairwise comparisons as post-hoc tests. Spearman's rank order correlation (r s ) was used to determine if associations between demographic variables and individual items existed. Statistical significance was set at P < 0.05 for all analyses.
RESULTS
Participant frequency responses to individual questionnaire items, the means, and subscale means are presented in Table 2 . Generally, these results indicated that participants scored lower in questionnaire items related to bioscience difficulty, students' learning of bioscience content, and approaches to bioscience learning compared to the relationship of bioscience to nursing practice factors (Table 2) .
Cronbach alphas were 0.85, 0.77, and 0.71 for three of the four subscales (students' learning of bioscience content, students' difficulty with bioscience, and the relationship of bioscience to nursing practice), respectively. The fourth subscale (approaches to bioscience learning) demonstrated a Cronbach alpha score of 0.48.
At the group level, there was a significant interaction between prior tertiary education and students' learning of bioscience content subscale (averaged score) (χ 2 (2) = 11.124, P = 0.011). There was a significant effect of participant age groupings and ratings of bioscience difficulty (χ 2 (2) = 7.483, P = 0.024), with younger participants finding bioscience harder than clinical nursing subjects compared to older participants. In addition, younger participants spent more time studying bioscience (χ 2 (2) = 10.248, P = 0.006). Several items revealed statistically-significant effects for secondary school science experience, and these are reported in Table 3 .
Participants who had completed prior tertiary studies in health science-related degrees were more confident (U = 69.0, P = 0.002), were able to spend less time studying bioscience subjects (U = 66.0, P < 0.001), and were better able to understand the integration of organ systems (U = 130.0, P < 0.030) compared to students without any prior tertiary studies.
There was no significant effect of prior clinically-relevant employment for any questionnaire items.
The relationship between independent variables and individual questionnaire items were further explored to determine associations using correlation. There was a small positive correlation between prior tertiary experience and students' confidence in explaining the biologic basis of nursing decisions (Spearman's rank order correlation: r s = 0.198, P = 0.03), but negatively correlated with students finding it difficult to apply bioscience knowledge to patients' conditions (r s = -0.211, P = 0.02). Similarly, secondary school science was positively correlated with students' confidence in explaining the biologic basis of nursing decisions (r s = 0.271, P = 0.002) and negatively correlated with students finding it difficult to apply bioscience knowledge to patients' conditions (r s = -0.246, P = 0.01).
DISCUSSION
This study revealed that final year undergraduate nursing students who had completed the bioscience component of their studies rated bioscience content difficult, and that the approach to learning bioscience was challenging. This confirms findings from other studies that showed bioscience was demanding for students studying earlier in their degrees (Gresty & Cotton, 2003; Craft et al., 2013) . Further, we found that students with secondary school science and prior tertiary study completion had a better understanding of bioscience and how it relates to patients' conditions. Interestingly, the relationship of bioscience to nursing practice was rated higher than other constructs. This was an unexpected finding. First year nursing students and nursing graduates have been shown to have difficulty with bioscience (Morgan, 2006; Craft et al., 2013) . These findings are in agreement with the results of the present study in final year students, confirming that bioscience subjects remain problematic throughout the degree. The majority of participants reported that bioscience forms the foundation of nursing practice (agreed or strongly agreed, 76.2%), but they wanted a better understanding of bioscience (agreed or strongly agreed, 73.8%). This is particularly concerning, because in the majority of nursing programs in Australia and overseas, bioscience subjects are often not undertaken in the final year of study. Despite the cohort rating the relationship of bioscience to nursing practice positively, three quarters of students requested that bioscience lecturers needed to relate more to nursing practice in teaching, and conversely, nursing lecturers needed to relate more to bioscience. This was reflected in students' perceptions of the workplace, as almost nine out of 10 students agreed that they would be able to see the relevance of bioscience for nursing upon reaching the workplace. It has previously been shown that nursing lecturers have insufficient bioscience knowledge (Friedel & Treagust, 2005) , despite being rated as one of the most relevant content areas to clinical practice by nursing lecturers (McVicar et al., 2010) . The emphasis on the bioscience-related content of nursing practice might, therefore, not be sufficient in nursing students' final year of nursing studies. Some have suggested that the epistemological approach adopted by nursing has led to a "devaluing" of the biosciences, with an emphasis on the social and behavioral sciences instead (Davies et al., 2000) . This might have led to disconnection with nursing practice and possibly patient care, although there is a lack of evidence specifically to support this supposition.
The age of participants influenced bioscience learning. We found that the 20-30 year age group (53.2% of all participants), compared to the older participants, perceived bioscience to be significantly harder, and they spent more time studying bioscience compared to nursing subjects. This was not unexpected, with older tertiary students usually having better adult learning experiences and application to studies (Salamonson et al., 2013) . Nonetheless, with the repeated criticism of bioscience content being overly burdensome, younger students are likely to find the bioscience content demanding. Generally, this aligns with previous findings in registered and student nurses who reported that the volume of bioscience and the integration with nursing practice were limited (Choi-Kwon et al., 2002; Friedel & Treagust, 2005; Davis, 2010) .
Many of the older students had previously completed tertiary studies, and these students reported less negative attitudes to the learning of bioscience content and the time spent studying bioscience. Prior studies have predominately focused on participants' attitudes to bioscience alone (Jordan et al., 1999; McKee, 2002) or the influence of secondary school science as a predictor of bioscience success (McKee, 2002; Andrew et al., 2008) without examining the impact of prior tertiary education. Approximately one third of participants (30.2%) in the current study had undertaken prior studies, and this is particularly relevant, as many Australian universities offer advanced standing to students who are enrolled nurses (Hutchinson et al., 2011) .
Participants who had studied secondary school science, and the type of science subjects studied, conveyed an advantage in learning bioscience, as previously reported (McKee, 2002; van Rooyen et al., 2006) . We identified that participants with no secondary school science perceived bioscience in a less favorable manner, while those with any secondary school science reported greater confidence with learning/studying bioscience and were able to relate bioscience to nursing practice. Students who had studied more secondary school science subjects were more confident in explaining the biology supporting nursing decisions, and could relate this to patients' conditions. This implies that these participants were conferred with a significant benefit in their ability to relate bioscience to nursing practice, and this ability was independent of other factors. These findings have implications for nursing educators designing nursing curricula. In Australia, nursing degrees do not require secondary school science as prerequisite subjects. These data imply that these stipulations might be advantageous for the understanding and relationship of bioscience to nursing practice. University students often undertake employment during their studies, and nursing students are capable of work in areas that could be deemed clinically relevant to their studies. One of the most common employments is that of assistants in nursing, where nursing students work in health-care facilities to undertake fundamental nursing care, without the higher-level nursing practice associated with registration. We analyzed these students' experiences to bioscience compared to those that did not work in these areas, but did not find associations. It appears that clinically-related student employment is not a proxy for the learning associated with formal clinical practice placements that students attend.
It has been reported that the confidence of nursing lecturers' teaching of bioscience might impact on students' attitudes to bioscience (Bradley et al., 2006) , and this might be pronounced during the nursing practice-intensive final year of preregistration programs (Davies et al., 2000; Manias & Bullock, 2002) . This could impact negatively on nursing students in countries where bioscience is taught by nursing lecturers (Davis, 2010) . While we have reported on the Australian experience, it would be interesting to compare students across different countries.
Limitations
Students might have altered their attitude of bioscience related to their nursing practice experiences. While students did not undertake bioscience subjects in their final year, we could not account for perceived differences in previous bioscience studies, such as grades and ability to apply the subjects to clinical contexts. This might have influenced the results, although findings reported in this study are supported by previous observations in other student cohorts. Students with advanced standing only completed 1 year of bioscience subjects, and this also might have introduced bias in the responses. Research comparing students' attitudes across different years would be pertinent.
As this was an exploratory study, the chance of type I errors arising due to multiple comparisons was not seen as a major concern, as techniques to minimize such errors can be too conservative, and thereby might not reveal potentially interesting findings.
Conclusion
We found that while the whole cohort generally reflected positively on the integration of bioscience with nursing practice, there were differences that were dependent on age, secondary school science education, and prior tertiary education. Younger participants without secondary school science appeared to have greater difficulty with bioscience integration with nursing practice, and students with secondary school science were more confident and could better relate bioscience to nursing practice. These findings indicate that nursing educators need to consider better integration of bioscience, possibly in the final years of nursing programs, to support contextual learning of clinical practice. This would entail modification of current curriculum to align bioscience subjects with clinical practice subjects that support nursing practice in the final years. 
